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(54) Substrate and manufacturing method therefor 



(57) There is provided a method of manufacturing a 
substrate which has a partial insulating layer under a 

semiconductor layer. After the first substrate (10c) is 
formed, it is bonded to the second substrate (20). there- 
by forming a bonded substrate stack (30). Then, the 
bonded substrate stack (30) is split at a separation layer 



(15). In the step of forming the first substrate (10c). a 
partial insulating layer (12a) is fonned on the substrate, 
a single-crystal Si layer (13) is grown in the partial insu- 
lating layer (12a), and a polysilicon layer (14) is grown 
on the partial insulating layer (12a). After that, ions are 
implanted into the substrate, thereby forming the sepa- 
ration layer (15) inside the substrate. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a substrate 
and manufacturing method therefor and, more particu- 
larly, to a substrate having a partial insulating layer in- 
side and a manufacturing method therefor. 

BACKGROUND OF THE INVENTION 

[0002] In recent years, a substrate which has a sem- 
iconductor layer on an insulating layer has received at- 
tention. This substrate is referred to as a Semiconduc- 
tor-On-lnsulator substrate or Silicon-On-lnsulator sub- 
strate. The latter substrate is one of Semiconductor-On- 
Insulator substrates and has a semiconductor layer 
made of silicon. Both Semiccnductor-On-lnsulator sub- 
strates and Silicon-On-lnsulator substrates are called 
SOI substrates. 

[0003] As an SOI substrate, a substrate which has an 
insulating layer not in the entire region but in a partial 
region under a semiconductor layer or an Si layer has 
been proposed. A related art is disclosed in Japanese 
Patent No. 2794702 (semiconductor device manufac- 
turing method). A manufacturing method disclosed in 
Japanese Patent No. 2794702 forms an n^-layer on an 
H'-silicon substrate serving as the first substrate, fomns 
a thermal oxide film (Si02) on the n^-layer, and then re- 
moves an unnecessary portion of the thermal oxide film. 
With this operation, the thermal oxide film is partially left 
on the nNayer. After that, an epitaxial layer is grown on 
an exposed portion of the n^-layer. At this time, a poly- 
silicon layer is formed on the partial thermal oxide film. 
The main surface of the first substrate is polished such 
that the epitaxial and polysilicon layers have the same 
height. Then, the main surface side of the first substrate 
is bonded to the second substrate, thereby obtaining a 
final substrate. This final substrate has a partial buried 
insulating layer (thermal oxide film) under a portion con- 
stituted by the first substrate. A semiconductor device 
is fonned on the portion constituted by the first sub- 
strate. 

[0004] In the manufacturing method disclosed in Jap- 
anese Patent No. 2794702, a portion on which a device 
is to be formed is the first substrate itself in a final sub- 
strate to be manufactured, and the thickness is very 
large. For this reason, it is difficult for the final substrate 
to enjoy the advantages of a general SOI substrate. 
More specifically, a substrate obtained by the manufac- 
turing method disclosed in Japanese Patent No. 
2794702 cannot sufficiently exhibit the advantages of 
an SOI substrate, such as low power consumption, high- 
speed operation, and the like. 
[0005] The manufacturing method disclosed in Japa- 
nese Patent No. 2794702 polishes the first substrate, in 
which the epitaxial layer and polysilicon layer are com- 
bined on the surface, before bonding the first and sec- 



ond substrates. However, there is a limit to planarization 
of the surface of the first substrate by the polishing step. 
More specifically, if the polishing conditions are set for 
the epitaxial layer, the planarity of the polysilicon layer 
5 becomes poor. On the other hand, if the polishing con- 
ditions are set for the polysilicon layer, the planarity of 
the epitaxial layer becomes poor. Additionally, a level 
difference may occur between the epitaxial layer and the 
polysilicon layer. 

[0006] If the first substrate in which the epitaxial layer 
and polysilicon layer are combined on the surface has 
poor surface planarity, poor bonding is likely to occur in 
bonding the first substrate to the second substrate. This 
poor bonding Interferes with the formation of a high- 
quality device. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been made on the 
basis of the above consideration. It is an object of the 
present invention to ensure the advantages of an SOI 
substrate for a substrate having a partial insulating layer 
under a semiconductor layer. 

[0008] It is another object of the present Invention to 
improve the quality of a substrate manufactured through 
a step of bonding two substrates. 
[0009] According to the present Invention, there is 
provided a substrate manufacturing method comprising 
a step of forming a first substrate which has a partial 
insulating layer on a semiconductor region and a semi- 
conductor layer on a region surrounded by the partial 
insulating layer and on the partial insulating layer, a step 
of implanting ions Into the first substrate through a sur- 
face of the first substrate to form a separation layer at a 
position deeper than a position of the partial insulating 
layer, a step of bonding a second substrate to the sur- 
face of the first substrate, in which the separation layer 
is formed, to form a bonded substrate stack, and a step 
of splitting the bonded substrate stack at the separation 
layer. 

[0010] According to a preferred embodiment of the 
present invention, the method preferably further com- 
prises a step of planarlzing the surface of the first sub- 
strate before bonding the second substrate to the first 
substrate. 

[0011] According to a preferred embodiment of the 
present invention, preferably, in the step of forming the 
first substrate, a single-crystal semiconductor layer is 
formed on the region surrounded by the partial insulat- 
ing layer, and a non-single-crystal semiconductor layer 
is formed on the partial insulating layer. 
[0012] According to a preferred embodiment of the 
present invention, the semiconductor region preferably 
comprises a semiconductor layer formed on the sub- 
strate by epitaxial growth. 

[0013] According to a preferred embodiment of the 
present invention, at least a surface, to be bonded to the 
first substrate, of the second substrate preferably com- 
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prises an insulator. 

[0014] According to a preferred embodiment of the 
present invention, the method preferably further com- 
prises a step of forming a bonding layer to be bonded 
to the second substrate across the surface of the first 
substrate. 

[0015] According to a preferred embodiment of the 
present invention, the method preferably further com- 
prises a step of planarlzing a surface of the bonding lay- 
er after the step of forming the bonding layer and before 
the step of forming the bonded substrate stack. 
[0016] According to a preferred embodiment of the 
present invention, the method preferably further com- 
prises a step of planarizing the surface of the first sub- 
strate after the step of forming the first substrate and 
before the step of forming the bonding layer. 
[0017] According to a preferred embodiment of the 
present invention, in the step of forming the bonding lay- 
er, a layer having a substantially uniform structure 
across a surface of the layer is preferably formed as the 
bonding layer. 

[0018] According to a preferred embodiment of the 
present invention, in the step of forming the bonding lay- 
er, e.g., a polycrystalline semiconductor layer, an amor- 
phous semiconductor layer, or an insulating layer is pref- 
erably formed as the bonding layer. If an insulating layer 
is formed as the bonding layer, the insulating layer pref- 
erably comprises, e.g., an oxide film. The oxide film is 
preferably formed by, e.g., CVD. 
[0019] According to a preferred embodiment of the 
present invention, the step of forming the first substrate 
preferably includes a first growth step of growing a sin- 
gle-crystal semiconductor layer on the region surround- 
ed by the partial insulating layer under the condition that 
no layer grow on the partial insulating layer, and a sec- 
ond growth step of further growing a single-crystal sem- 
iconductor layer on the single-crystal semiconductor 
layer and growing a non-single-crystal semiconductor 
layer on the partial insulating layer. In the first growth 
step, the single-crystal semiconductor layer is prefera- 
bly grown to have a thickness larger than a thickness of 
the partial insulating layer. Alternatively, in the first 
growth step, the single-crystal semiconductor layer is 
preferably grown such that the non-single-crystal sem- 
iconductor layer to be formed in the subsequent second 
growth step fits in a region on the partial insulating layer. 
[0020] According to a preferred embodiment of the 
present invention, the ions preferably include, e.g., hy- 
drogen ions or helium ions. 

[0021] Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The accompanying drawings, which are incor- 



porated in and constitute a part of the specification, il- 
lustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the in- 
vention. 

5 

Figs. 1 A to II are views for explaining a substrate 
manufacturing method according to the first embod- 
iment of the present invention; 
Fig. 2 is a view showing the structure of a substrate 
10 according to the first embodiment of the present in- 
vention; 

Fig. 3 is a view showing another structure of the 
substrate according to the first embodiment of the 
present invention; 

15 Figs. 4A to 4J are views for explaining a substrate 
manufacturing method according to the second em- 
bodiment of the present invention; 
Fig. 5 is a view showing the structure of a substrate 
according to the second embodiment of the present 

20 invention; 

Fig. 6 is a view showing another structure of the 
substrate according to the second embodiment of 
the present Invention; 

Fig. 7 is a view for explaining reduction in a non-SOl 
25 region or thick-SOl region to be formed; 

Fig. 8 is a view for explaining reduction in a non-SOl 
region to be formed; 

Fig. 9A is a view showing the first step (first growth 
step) of the semiconductor layer growth process; 

30 and 

Fig. 9B is a view showing the second step (second 
growth step) of the semiconductor layer growth 
process. 

35 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Prefenred embodiments of the present inven- 
tion will be described below with reference to the accom- 

40 panying drawings. 

[First Embodiment] 

[0024] Figs. 1A to 11 are views for explaining a sub- 
45 strate manufacturing method according to the first em- 
bodiment of the present invention. In the step shown in 
Fig. 1 A, a single-crystal Si substrate (seed substrate) 11 
is prepared. As the single-crystal Si substrate 1 1 » a sub- 
strate having an epitaxial growth layer of single-crystal 
50 silicon on its surface may be employed. 

[0025] In the step shown in Fig. 1 B, an Si02 layer 12 
serving as an insulating layer is formed on the single- 
crystal Si substrate 1 1 . The Si02 layer 12 can be formed 
by, e.g., thermal oxidation. Thermal oxidation can form 
55 an Si02 layer of good quality. 

[0026] In the step shown in Fig. 1 C, the Si02 layer 1 2 
is patterned to form a partial Si02 layer 12a. A partial 
Si02 layer is defined as an Si02 layer which is formed 
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such that the single-crystal Si substrate 11 or an under- 
lying semiconductor region (e.g., an epitaxial growth SI 
layer If a substrate having the SI layer on its surface is 
adopted as the single-crystal Si substrate 11) is at least 
partially exposed. The Si02 layer 12 can be patterned 
by, e.g.. the following operation. After a mask material 
is formed on the Si02 layer 12. the mask material Is pat- 
terned by lithography (resist coating, exposure, devel- 
opment, and etching) to form an opening. The Si02 layer 
12 exposed at the bottom of the opening is then etched 
by, e.g., reactive ion etching (RIE). 
[0027] This step forms a first substrate 10 which has 
the partial Si02 layer (insulating layer) 12a on the single- 
crystal Si substrate 11. 

[0028] Instead of the steps shown in Figs . 1 B and 1 C, 
e.g., a step of covering the surface except a region in 
which the partial Si02 layer 12a is to be formed with a 
mask pattern and forming the partial Si02 layer 12a only 
in an exposed portion may be adopted. 
[0029] In the step shown in Fig. ID, a single-crystal 
Si layer (semiconductor layer) 13 is grown by epitaxial 
growth on an exposed portion of the single-crystal Si 
substrate (semiconductor region) 11 in the partial Si02 
layer 12a of the first substrate 10. At this time, a polysil- 
icon layer (non-single-crystal semiconductor layer) 14 
may be formed on the partial insulating layer 12a. The 
single-crystal Si layer 13 may be grown on the single- 
crystal Si substrate 11 under the condition that the poly- 
silicon layer 14 be not formed on the partial insulating 
layer 12a. 

[0030] Typically, the single-crystal Si layer 13 and 
polysilicon layer 14 are different in growth rate, and a 
level difference may occur between the single-crystal Si 
layer 1 3 and the polysilicon layer 14. Three-dimensional 
pattems can be formed on the surfaces of the single- 
crystal Si layer 13 and polysilicon layer 14, respectively 
[0031] In the step shown in Fig. IE, the surface of a 
first substrate 10a shown in Fig. 1D is planarized by pol- 
ishing, grinding, or the like, thereby forming a first sub- 
strate 10b having a flat surface. 
[0032] In the step shown in Fig. IF, ions such as hy- 
drogen ions or helium ions are implanted at a position 
deeper than that of the partial Si02 layer (insulating lay- 
er) 12a of the first substrate 10b through the surface of 
the first substrate 10b to form an ion-implanted layer 
serving as a separation layer 15 at a position spaced 
apart downward from the lower surface of the partial 
Si02 layer 12a and single-crystal Si layer 13. With this 
operation, under the partial Si02 layer 12a and single- 
crystal Si layer 13, the surface portion of the original sin- 
gle-crystal Si substrate 11 is left as a single-crystal Si 
layer 16, the separation layer 15 is formed under the 
single-crystal Si layer 16. and the main portion (portion 
other than the surface portion) of the original single- 
crystal Si substrate 1 1 is left as a single-crystal Si portion 
11a. This ion implantation step can be performed before 
the step shown in Fig. 1 E. 

[0033] In the step shown in Fig. 1G. a second sub- 



strate (handle substrate) 20 is bonded to the surface (a 
surface in which the single-crystal Si layer 13 and poly- 
silicon layer 14 are exposed) of a first substrate 10c 
shown in Fig. IF to form a bonded substrate stack 30. 

5 An Si02 layer (insulating layer) may be formed on the 
surface of the first substrate 10 by, e.g.. thermal oxida- 
tion, prior to the bonding. At this time, if a thermal oxi- 
dation step at 400®C or more is necessary, the thenmal 
oxidation step is performed before the ion implantation 

^0 step. As the second substrate 20, a single-crystal Si 
substrate or a substrate obtained by fomiing an insulat- 
ing layer such as an Si02 layer on the surface can typ- 
ically be used. However, any other substrate such as an 
insulating substrate (e.g., a glass substrate) may be 

15 adopted as the second substrate 20. 

[0034] In the step shown in Fig. 1H, the bonded sub- 
strate stack 30 is split into two substrates by cutting the 
bonded substrate stack 30 at the separation layer 15. 
This splitting may be performed by annealing the bond- 

20 ed substrate stack 30. Alternatively the splitting can be 
performed by using a fluid. As a method of using a fluid, 
a method of forming a jet of a fluid (liquid or gas) and 
injecting it to the separation layer 15. a method of utiliz- 
ing the static pressure of a fluid, or the like is preferably 

25 used. Among these methods, a method of utilizing water 
as a fluid is referred to as a water jet method. Addition- 
ally, the splitting can also be performed by. e.g., inserting 
a member such as a solid wedge into the separation lay- 
er 15. 

30 [0035] In addition to the above-mentioned splitting 
methods, a grinding and polishing method in which the 
back surface (exposed surface) of the first substrate 10c 
is ground and polished to leave a single-crystal Si layer 
with a predetermined thickness on the insulating layer 

35 12a may be adopted. In this case, the separation layer 
15 need not be formed in advance. 
[0036] In the step shown in Fig. 1 1, a separation layer 
15b left on a single-crystal Si layer 16 of the second sub- 
strate 20 is removed using an etchant or the like. At this 

^0 time, the single-crystal Si layer 16 can be used as an 
etching stopper layer. Then, the surface of the substrate 
may be planarized by performing a planarizing step 
such as a hydrogen annealing step, polishing step, or 
the like, as needed. 

45 [0037] With the above-mentioned method, a semi- 
conductor substrate (partial SOI substrate) 40 as shown 
in Fig. 2 is obtained. The semiconductor substrate 40 
shown in Fig. 2 has the thin single-crystal Si layer (first 
semiconductor layer) 16 on its surface and the partial 

50 SiOj layer (insulating layer) 12a and single-crystal Si 
layer 13 (second semiconductor layer) under the single- 
crystal Si layer 16. A thin single-crystal Si layer means 
a layer thinner than a general semiconductor substrate. 
To exhibit the advantages of an SOI substrate, the thick- 

55 ness of the single-crystal Si layer (first semiconductor 
layer) 16 is preferably, e.g., 10 jim or less, and more 
preferably, 5 nm to 2 fi m. 

[0038] A region (SOI region) 41 with the partial SiOs 
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layer (insulating layer) 12a out of the semiconductor 
substrate 40 as a buried insulating layer has the same 
properties as those of an SOI substrate which has a bur- 
ied Insulating film over the whole region. A region 
(non-SOl region) 42 without the partial insulating layer 5 
1 2a out of the semiconductor substrate 40, i.e., a region 
which has the single-crystal Si layer 1 3 under the single- 
crystal Si layer 16 has substantially the same properties 
as those of a general Si substrate. 
[0039] If a substrate which has an epitaxial growth lay- 10 
er of single-crystal silicon on the surface is used as the 
single-crystal Si substrate 11, the region 42 has sub- 
stantially the same properties as those of an Si substrate 
which has an epitaxial Si layer on its surface. In this 
case, the single-crystal Si layer 13 is a layer which is 
formed by epitaxial growth using as the underlying layer 
the single-crystal Si layer 16 formed by epitaxial growth. 
For this reason, a defect hardly occurs in the interface 
between the single-crystal Si layer 16 and the single- 
crystal Si layer 13, Accordingly, if the semiconductor 20 
substrate 40 is used, a high-quality device can be 
formed even when a device (e.g., a trench capacitor) 
having a structure deeper than that of a device to be 
formed in the SOI region is formed in the non-SOl re- 
gion. 25 
[0040] The semiconductor substrate 40 which can be 
manufactured by this embodiment is useful in forming a 
logic circuit in the SOI region 41 and forming a DRAM 
which has a trench-type capacitor in the non-SOl region 
42. Alternatively, the semiconductor substrate 40 is use- 
ful in forming a memory cell transistor of a DRAM and 
a logic circuit on the SOI region 41 and forming a mem- 
ory cell capacitor of the DRAM in the non-SOl region 42. 
Examples of the thicknesses of the single-crystal Si lay- 
er in the SOI and non-SOl regions in the semiconductor 35 
substrate 40 used to form a DRAM will be given. The 
single-crystal Si layer has a thickness of about 100 nm 
in the SOI region while it has a thickness of about sev- 
eral nm to 10 |xm in the non-SOl region. 
[0041] When an insulating layer 21 is formed on the 40 
surface of the first substrate 10c prior to the step (bond- 
ing step) shown in Fig. 1G or when a substrate having 
the insulating layer 21 on its surface is adopted as the 
second substrate 20, a semiconductor substrate 50 as 
shown in Fig. 3 is finally obtained. The semiconductor 45 
substrate 50 shown in Fig. 3 has the partial insulating 
layer 12a under the single-crystal Si layer (first semicon- 
ductor layer) 16 and the full insulating layer 21 under 
and adjacent to or spaced apart from the partial insulat- 
ing layer 12a. In the growth or planarization step shown 50 
in Fig. ID or 1E, if the manufacturing conditions are de- 
termined such that the partial insulating layer 12a is ex- 
posed on the surface, the full insulating layer 21 is ar- 
ranged under and adjacent to the partial insulating layer 
1 2a. A region without the partial insulating layer 1 2a has 55 
an SOI layer (to be referred to as a thick-SOl region 
hereinafter) thicker than that of a region with the partial 
insulating layer 12a. With this structure, even a device 



which is formed in a region without the partial insulating 
layer 12a can dielectrically be isolated from bulk silicon. 
[0042] As described above, an SOI substrate which 
has a partial insulating layer inside and a thin SOI layer 
on the partial insulating layer can be manufactured by 
forming a separation layer on the first substrate by ion 
implantation, bonding the first and second substrates to- 
gether to form a bonded substrate stack, and then split- 
ting the bonded substrate stack at the separation layer. 
Such an SOI substrate is thinned through the splitting 
step and thus has substantially the same properties as 
those of a general SOI substrate. 

[Examples] 

[0043] Preferred examples of the first embodiment of 
the present invention will be described below. 

(Example 1) 

[0044] First, a first p-type or n-type single-crystal Si 
substrate 11 having a resistivity of 10 to 20 Q cm was 
prepared (this corresponds to the step shown in Fig. 
1A). Then, an Si02 layer 12 having a thickness of 200 
nm was formed on the surface of the substrate 11 by 
thermal oxidation or the like (this corresponds to the step 
shown in Fig. 1 B). Prior to the formation of the Si02 layer 
12, a single-crystal SI layer may epitaxially be grown on 
the surface of the substrate 11. Such an epitaxial layer 
typically has a thickness of 300 to 400 nm. However, the 
epitaxial layer may be so grown as to have a thickness 
of 300 nm or less, or 400 nm or more. 
[0045] A mask material (preferably, SIN or the like) 
was deposited on the Si02 layer 12 and a resist was 
further applied to its surface. These materials were se- 
quentially patterned such that an opening was formed 
in a non-SOl region (or a thick-SOl region) (this corre- 
sponds to the step shown in Fig. 10). Since this example 
uses a bonding method in which the first substrate and 
second substrate are bonded together, patterning must 
be so performed as to form a mirror image of a normal 
pattern. 

[0046] If a mask material is not deposited on the Si02 
layer 12, a resist is applied to the Si02 layer 12 and is 
patterned to form a resist pattern. Then, the Si02 layer 
12 is etched through an opening of the resist pattern to 
partially expose the surface of the single-crystal Si sub- 
strate 11. 

[0047] On the other hand, if a mask material is depos- 
ited on the Si02 layer 12, a resist is applied to the mask 
material and is patterned to form a resist pattern. Then, 
the mask material is etched through an opening of the 
resist pattern, thereby performing patterning for the 
mask material. The Si02 layer 12 is etched through an 
opening of the mask material until the surface of the sin- 
gle-crystal Si substrate 11 is exposed, thereby perform- 
ing patterning for the Si02 layer 12. At this time, the re- 
sist may be removed after the patterning of the mask 
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material and before the patterning of the Si02 layer 12. 
as needed. 

[0048] When the resist and mask material were re- 
moved, a first substrate 10 in which the surface of the 
single-crystal Si substrate 11 was partially exposed was 
obtained. 

[0049] By performing the epitaxial growth step, an epi- 
taxial Si layer 13 was formed in a region tn which the 
surface of the single-crystal Si substrate 11 was ex- 
posed. At the same time, a polysilicon layer 14 was 
formed on an Si02 layer 12a (this corresponds to the 
step shown in Fig. ID). The thickness of the epitaxial Si 
layer 13 can appropriately be determined in accordance 
with specifications required by a final semiconductor 
substrate. For example, the thickness can be set to 5 
\ivn. 

[0050] Then, the surface of the substrate was 
planarized by polishing (this conresponds to the step 
shown In Fig. IE). As the polishing step, CMP may be 
performed. To remove any portion damaged by polish- 
ing in the polishing step, a cleaning step and/or etching 
step may further be performed. 
[0051] The projection range was set such that ions 
were implanted at a predetermined position in the sin- 
gle-crystal Si substrate 11 , and ions were implanted into 
a first substrate 10b through the surface (this corre- 
sponds to the step shown in Fig. 1 F). With this operation, 
an ion-implanted layer 15 serving as a separation layer 
was formed as a microcavity layer or a heavily doped 
layer. This ion implantation step can be performed by, 
e.g., implanting hydrogen ions (H*) at 360 keV and 5 x 
10'»6 cm-2, and the projection range in this case Is about 
3.3 ^m. The ion implantation step may collectively be 
performed for a plurality of substrates by using not a 
general ion implantation apparatus but a plasma appa- 
ratus. In this case, H^* ions may be more efficient than 
H"^ ions. 

[0052] The surface of a first substrate 1 0c and that of 

a second substrate 20 separately prepared were over- 
laid on and brought into contact with each other. After 
that, both the substrates were subjected to annealing at 
SOO^C for 10 hrs to increase the bonding strength be- 
tween the first substrate 10c and the second substrate 
20 (this corresponds to the step shown in Fig. 1 G). With 
this operation, a bonded substrate stack 30 was ob- 
tained. At this time, by performing a preprocess such as 
N2 or O2 plasma processing for the first and second sub- 
strates before the overlaying, the bonding strength can 
be increased. Note that annealing for increasing the 
bonding strength is not essential and may be skipped. 
[0053] If an oxide film is formed on at least one of the 
surface of the first substrate 10c and that of the second 
substrate 20, a region in which the epitaxial Si layer 13 
is grown becomes not a non-SOl region but a thick-SOl 
region (see Fig. 3). The thickness of the silicon film in 
the thick-SOl region can appropriately be determined in 
accordance with specifications required by a final sem- 
iconductor substrate. For example, the thickness can be 



set to 10 ^im. 

[0054] If an oxide film as described above is not 
formed, a region without any partial Si02 layer has not 
an SOI structure but substantially the same structure as 
5 that of a single-crystal Si substrate or an epitaxial Si sub- 
strate (when a substrate having an epitaxial Si layer on 
its surface as a single-crystal Si substrate is used) (see 
Fig. 2). 

[0055] The bonded substrate stack 30 was annealed 
10 at 400°C for 10 hrs, thereby splitting the bonded sub- 
strate stack 30 at the ion-implanted layer 15 (this corre- 
sponds to the step shown in Fig. 1H). Consequently, the 
polysilicon layer 14, the partial Si02 layer 12a, the epi- 
taxial Si layer 13, a single-crystal Si layer 16, and a part 
15 15b of the porous Si layer 15, which were originally 
formed on the side of the first substrate 1 0, were moved 
to the side of the second substrate 20. Only a porous Si 
layer 1 5a was left on the surface of a first substrate 11a. 
[0056] In this splitting step, instead of the annealing, 
a method of injecting a fluid (liquid or gas) or inserting 
a solid wedge into a concave portion (concave portion 
formed by the beveled portions of the two substrates 10c 
and 20) of the periphery of the bonded substrate stack 
30, a method of applying a mechanical force such as a 
tensile force, shearing force, or the like to the bonded 
substrate stack 30, a method of applying ultrasonic 
waves to the bonded substrate stack 30. or the like may 
be adopted. 

[0057] Moreover, out of the two substrates constitut- 
ing the bonded substrate stack, a portion from the back 
surface of the first base 1 0c to the separation layer 1 5 
may be removed by grinding, polishing, etching, or the 
like without splitting the bonded substrate stack. 
[0058] The separation layer 1 5b which was moved to 
the uppermost surface of the second substrate 20 was 
removed by polishing such as CMP or etching, and at 
the same time, the surface was planarized (this core- 
sponds to the step shown in Fig. 1 1). Then, a planariza- 
tion step such as hydrogen annealing may be per- 
formed. Alternatively, hydrogen annealing may be per- 
formed while the separation layer 1 5b is partially left. 
[0059] With the above-mentioned steps, a semicon- 
ductor substrate which has the single-crystal Si layer 1 6 
with a thickness of 0.2 ^im on the partial insulating layer 
12a and single-crystal Si layer 13 in the partial insulating 
layer 12a was obtained. When the film thickness of the 
formed single-crystal Si layer 16 was measured at 100 
points across the surface, the unifonnity of the film thick- 
ness was 201 nm ± 5 nm. 

[0060] The observation of the cross section with a 
transmission electron microscope showed that the sin- 
gle-crystal Si layer 16 had no fresh crystal defects and 
maintained good crystallinity. 

[0061] The surface roughness of a formed substrate 
40 was evaluated with an atomic force microscope. The 
mean square roughness in a SO^im-square region was 
about 0.2 nm, which was equivalent to that of a com- 
mercially available silicon wafer. 
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[0062] In the above-mentioned manufacturing meth- 
od, a substrate containing, e.g., SiGe, GaAs, SiC, C, or 
the like on its surface may be adopted instead of the 
single-crystal Si substrate 11. In this case, a layer to be 
grown on the surface (region in a partial insulating layer) 
of the substrate may preferably be made of the same 
material as that of its underlying layer. 
[0063] As the second substrate 20, a substrate made 
of, e.g., quartz, sapphire, ceramic, carbon, SiC, or the 
like may be adopted, in addition to an Si substrate. 

(Example 2) 

[0064] A DRAM having a trench capacitor was formed 
in the non-SOl region of a semiconductor substrate 
which was manufactured by the method described in the 
example 1 and had a structure shown in Fig. 2. Other 
devices including a logic circuit were formed in the SOI 
region. In the lithography step, the entire region of ex- 
posure shots fell within the focus-range of the depth of 
a projection optical system, and no local defocusing (de- 
focusing due to unevenness of the surface of the sub- 
strate) occun^ed. Since a single-crystal Si layer having 
a sufficient thickness was formed in the non-SOl region, 
no trouble occurred in forming the trench capacitor. 
[0065] The above semiconductor substrate is effec- 
tively used to form an integrated circuit other than a 
DRAM-embedded one. 

[Second Embodiment] 

[0066] Figs. 4A to 4J are views for explaining a sub- 
strate manufacturing method according to the second 
embodiment of the present invention. In the step shown 
in Fig. 4A, a single-crystal Si substrate (seed substrate) 
111 is prepared. As the single-crystal Si substrate 111, 
a substrate having an epitaxial growth layer of single- 
crystal silicon on its surface may be employed. 
[0067] In the step shown in Fig. 4B, an SiOj layer 112 
serving as an insulating layer is formed on the single- 
crystal Si substrate 111. The Si02 layer 112 can be 
formed by, e.g., thermal oxidation. Thennal oxidation 
can form an Si02 layer of good quality. 
[0068] In the step shown in Fig. 4C, the SiOj layer 112 
is patterned to form a partial Si02 layer 112a. A partial 
Si02 layer is defined as an Si02 layer which is formed 
such that the single-crystal Si substrate 111 or an un- 
derlying semiconductor region (e.g., an epitaxial growth 
Si layer if a substrate having the Si layer on its surface 
is adopted as the single-crystal Si substrate 111) is at 
least partially exposed. The Si02 layer 112 can be pat- 
terned by, e.g., the following operation. After a mask ma- 
terial is formed on the Si02 layer 112, the mask material 
is patterned by lithography (resist coating, exposure, de- 
velopment, and etching) to form an opening. The Si02 
layer 112 exposed at the bottom of the opening is then 
etched by, e.g., reactive ion etching (RIE). 
[0069] This step forms a first substrate 110 which has 



the partial Si02 layer (insulating layer) 112a on the sin- 
gle-crystal Si substrate 111. 

[0070] Instead of the steps shown in Figs. 4B and 4C, 
e.g., a step of covering the surface except a region in 
5 which the partial Si02 layer 1 12a is to be formed with a 
mask pattern and forming the partial Si02 layer 112a 
only in an exposed portion may be adopted. 
[0071] In the step shown in Fig. 4D, a single-crystal 
Si layer (semiconductor layer) 113 is grown by epitaxial 
growth on an exposed portion of the single-crystal Si 
substrate (semiconductor region) 111 in the partial Si02 
layer 112a of the first substrate 110. At this time, a poly- 
silicon layer (non-single-crystal semiconductor layer) 
114 may be formed on the partial insulating layer 112a. 
The single-crystal Si layer 113 may be grown on the sin- 
gle-crystal Si substrate 111 under the condition that the 
poiysilicon layer 114 be not formed on the partial insu- 
lating layer 112a. 

[0072] Typically, the single-crystal Si layer 113 and 
poiysilicon layer 114 are different in growth rate, and a 
level difference may occur between the single-crystal Si 
layer 113 and the poiysilicon layer 114. Three-dimen- 
sional patterns can be fomned on the surfaces of the sin- 
gle-crystal Si layer 113 and poiysilicon layer 114. re- 
spectively. 

[0073] In the step shown in Fig, 4E, a bonding layer 
(second layer) 11 5 to be bonded to the second substrate 
Is formed on the single-crystal Si layer 113 and poiysil- 
icon layer 114, i.e., the entire surface of a first substrate 
110a. The bonding layer preferably has a substantially 
uniform structure (structure which can uniformly be pol- 
ished) to facilitate planarization in the subsequent 
planarizing step. The bonding layer 115 may comprise 
a semiconductor layer or a layer made of a material oth- 
er than a semiconductor material. As the bonding layer 
115, e.g., a poiysilicon layer, an amorphous Si layer, an 
oxide film (e.g., an Si02 layer formed by CVD or the like), 
a PSG layer, a BPSG layer, or the like is preferably used. 
If an Si02 layer is to be formed as the bonding layer 1 1 5, 
the Si02 layer may be formed by thermal oxidation, but 
CVD is more preferable. This is because thermal oxida- 
tion reflects the shape of an underlying layer in the sur- 
face shape of the Si02 layer while CVD tends to make 
the underlying layer have a more gently stepped sur- 
face. 

[0074] The formation of the bonding layer 115 can 
planarize the surface of a first substrate 1 10b. This con- 
tributes to an increase in bonding strength between the 
first and second substrates and ease of bonding, in the 
subsequent bonding step. The formation of the bonding 
layer 115 is also effective in keeping a portion (the sur- 
face portion of the single-crystal Si substrate 111, i.e., a 
single-crystal Si layer 116 to be described later) finally 
serving as an active layer away from the second sub- 
strate to be bonded to the first substrate. 
[0075] To improve the planarity of the surface of the 
first substrate 110b, the surface of the first substrate 
110a (see Fig. 4D), in which the single-crystal Si layer 
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113 and polysiticon layer 114 are combined, is prefera- 
bly planarized by polishing, grinding, or the like before 
fomning the bonding layer 115. In this case, even without 
perfonning the planarizing step after the formation of the 
bonding layer 115, the first substrate having good sur- 
face planarity can be obtained. 
[0076] The step (planarization step) shown in Fig. 4F 
is a step performed when a three-dimensional pattern 
on the surface of the first substrate 110b (see Fig. 4E) 
is not negligible. The surface of the first substrate 110b 
is planarized by polishing, grinding, or the like. With this 
planarization of the bonding layer 115, the bonding 
strength between the first and second substrates and 
ease of bonding in the subsequent bonding step can fur- 
ther be increased. 

[0077] In some cases, it is not preferable to perfonm 
the step of planarizing the surface of the first substrate 
110a, in which the single-crystal Si layer 113 and poly- 
silicon layer 114 are combined, without performing the 
bonding layer formation step shown in Fig. 4E and im- 
mediately afterward bonding the first substrate to the 
second substrate. More specifically, even if the planariz- 
ing step is performed for the surface of the first substrate 
110a, in which the single-crystal Si layer 113 and poly- 
silicon layer 114 are combined, it is difficult to obtain 
good planarity. For example, the planarizing step suita- 
ble for the single-crystal Si layer 113 does not impart 
good planarity to the polysilicon layer 114 while the 
planarizing step suitable for the polysilicon layer 114 
does not impart good planarity to the single-crystal Si 
layer 113. Additionally, a level difference may occur be- 
tween the single-crystal Si layer 113 and polysilicon lay- 
er 114. 

[0078] In the step shown in Fig. 4G, ions such as hy- 
drogen ions or helium ions are implanted at a position 
deeper than that of the partial Si02 layer 112a of a first 
substrate 110c through the surface of the first substrate 
110c to form an ion-implanted layer serving as the sep- 
aration layer 116 at a position under and spaced apart 
from the lower surface of the partial Si02 layer 112a and 
single-crystal Si layer 113. With this operation, under the 
partial Si02 layer 112a and single-crystal Si layer 113, 
the surface portion of the original single-crystal Si sub- 
strate 111 is left as a single-crystal Si layer 117, the sep- 
aration layer 116 is formed under the single-crystal Si 
layer 117, and the main portion (portion other than the 
surface portion) of the original single-crystal Si sub- 
strate 111 is left as a single-crystal Si portion 111a. This 
ion implantation step can be performed before the step 
shown in Fig. 4F. 

[0079] In the step shown in Fig. 4H, a second sub- 
strate (handle substrate) 1 20 is bonded to a bonding lay- 
er 11 5a of a first substrate 1 lOd shown in Fig. 4G to form 
a bonded substrate stack 130. An SIO2 layer (insulating 
layer) may further be formed on the surface of the first 
substrate 110d by, e.g., thermal oxidation, prior to the 
bonding (except in cases in which the bonding layer 115 
comprises an insulting film such as an Si02 layer). At 



this time, if a thermal oxidation step at 400°C or more is 
necessary, the thermal oxidation step is performed be- 
fore the ion implantation step. As the second substrate 
120, a single-crystal Si substrate or a substrate obtained 

5 by forming an insulating layer such as an Si02 layer on 
the surface can typically be used. However, any other 
substrate such as an insulating substrate (e.g., a glass 
substrate) may be adopted as the second su bstrate 1 20. 
[0080] In the step shown in Fig. 41, the bonded sub- 

10 strate stack 130 is split into two substrates by cutting 
the bonded substrate stack 130 at the separation layer 
116. This splitting may be performed by, e.g., annealing 
the bonded substrate stack 130. Alternatively the split- 
ting can be performed by using a fluid. As a method of 

15 using a fluid, a method of forming a jet of a fluid (liquid 
or gas) and injecting it to the separation layer 116, a 
method of utilizing the static pressure of a fluid, or the 
like is preferably used. Among these methods, a method 
of utilizing water as a fluid is referred to as a water jet 

20 method. Additionally, the splitting can also be performed 
by, e.g., inserting a member such as a solid wedge into 
the separation layer 116. . 

[0081] In addition to the above-mentioned splitting 
methods, a grinding and polishing method in which the 

25 back surface (exposed surface) of the first substrate 
llOd is ground and polished to leave a single-crystal Si 
layer with a predetermined thickness on the insulating 
layer 112a may be adopted. In this case, the separation 
layer 116 need not be formed in advance. 

30 [0082] In the step shown in Fig. 4 J, a separation layer 
116b left on the single-crystal Si layer 117 of the second 
substrate 120 is removed using an etchant or the like. 
At this time, the single-crystal Si layer 117 can be used 
as an etching stopper layer. Then, the surface of the 

35 substrate may be planarized by performing a planarizing 
step such as a hydrogen annealing step, polishing step, 
or the like, as needed. 

[0083] With the above-mentioned method, a semi- 
conductor substrate (partial SOI substrate) 140 as 

40 shown in Fig. 5 is obtained. The semiconductor sub- 
strate 140 shown in Fig. 5 has the thin single-crystal Si 
layer (first semiconductor layer) 117 on its surface and 
the partial SIO2 layer (insulating layer) 112a and single- 
crystal Si layer (second semiconductor layer) 113 under 

45 the single-crystal Si layer 117. A thin single-crystal Si 
layer means a layer thinner than a general semiconduc- 
tor substrate. To exhibit the advantages of an SOI sub- 
strate, the thickness of the single-crystal Si layer (first 
semiconductor layer) 117 is preferably, e.g., 10 ^m or 

50 less, and more preferably, 5 nm to 2 \im. 

[0084] A region (SOI region) 141 with the partial Si02 
layer (insulating layer) 112a out of the semiconductor 
substrate 140 as a buried insulating layer has the same 
properties as those of an SOI substrate which has a bur- 

55 ied insulating film over the whole region. A region 
(non-SOl region) 142 without the partial insulating layer 
112a out of the semiconductor substrate 140, i.e., a re- 
gion which has the single-crystal SI layer 113 under the 
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single-crystal Si layer 117 has substantially the same 
properties as those of a general Si substrate. 
[0085] If a substrate which has an epitaxial growth lay- 
er of single-crystal silicon on the surface is used as the 
single-crystal Si substrate 111 , the region 142 has sub- 
stantially the same properties as those of an SI substrate 
which has an epitaxial Si layer on its surface. In this 
case, the single-crystal Si layer 113 is a layer which is 
formed by epitaxial growth using as the underlying layer 
the single-crystal Si layer 117 formed by epitaxial 
growth. For this reason, a defect hardly occurs in the 
interface between the single-crystal Si layer 117 and the 
single-crystal Si layer 113. Accordingly, if the semicon- 
ductor substrate 140 is used, a high-quality device can 
be formed even when a device (e.g., a trench capacitor) 
having a structure deeper than that of a device to be 
formed in the SOI region is formed in the non-SOl re- 
gion. 

[0086] The semiconductor substrate 140 which can 
be manufactured by this embodiment is useful in form- 
ing a logic circuit in the SOI region 141 and forming a 
DRAM which has a trench-type capacitor in the non-SOl 
region 142. Altematively, the semiconductor substrate 
140 is useful in forming a memory cell transistor of a 
DRAM and a logic circuit on the SOI region 141 and 
forming a memory cell capacitor of the DRAM in the 
non-SOl region 142. Examples of the thicknesses of the 
single-crystal Si layer in the SOI and non-SOi regions 
in the semiconductor substrate 140 used to form a 
DRAM will be given. The single-crystal Si layer has a 
thickness of about 100 nm in the SOI region while it has 
a thickness of about several p.m to 1 0 ^m in the non-SOl 
region. 

[0087] When an insulating layer 121 is formed on the 
surface of the first substrate llOd prior to the step (split- 
ting step) shown in Fig. 4H or when a substrate having 
the insulating layer 121 on its surface is adopted as the 
second substrate 120, a semiconductor substrate 150 
as shown in Fig. 6 is finally obtained. The semiconductor 
substrate 150 shown in Fig. 6 has the partial insulating 
layer 112a under the single-crystal Si layer (first semi- 
conductor layer) 117 and the full insulating layer 121 un- 
der and adjacent to or spaced apart from the partial in- 
sulating layer 112a. 

[0088] As described above, according to this embod- 
iment, the formation of a bonding layer on the surface 
of the first substrate improves the planarity of the sur- 
face of the first substrate and facilitates bonding to the 
second substrate. 

[Examples] 

[0089] Preferred examples of the second embodi- 
ment of the present invention will be described below. 

(Example 1) 

[0090] First, a first p-type or n-type single-crystal Si 



substrate 111 having a resistivity of 10 to 20 Q cm was 
prepared (this corresponds to the step shown in Fig. 
4A). Then, an Si02 layer 112 having a thickness of 200 
nm was formed on the surface of the substrate 111 by 

5 thermal oxidation or the like (this conresponds to the step 
shown in Fig. 4B). Prior to the formation of the Si02 layer 
112. a single-crystal Si layer may epitaxially be grown 
on the surface of the substrate 111. Such an epitaxial 
layer typically has a thickness of 300 to 400 nm. How- 

^0 ever, the epitaxial layer may be so grown as to have a 
thickness of 300 nm or less, or 400 nm or more. 
[0091] A mask material (preferably, SiN or the like) 
was deposited on the oxide film and a resist was further 
applied to its surface. These materials were sequentially 

15 patterned such that an opening was formed in a non-SOl 
region (or a thick-SOl region) (this corresponds to the 
step shown in Fig. 40). Since this example uses a bond- 
ing method in which the first substrate and second sub- 
strate are bonded together, patterning must be so per- 

20 fomied as to form a mirror image of a nonnal pattern. 
[0092] If a mask material is not deposited on the Si02 
layer 112, a resist is applied to the Si02 layer 112 and 
is patterned to form a resist pattern. Then, the Si02 layer 
112 is etched through an opening of the resist pattern 

25 to partially expose the surface of the single-crystal Si 
substrate 111. 

[0093] On the other hand, if a mask material is depos- 
ited on the Si02 layer 11 2, a resist is applied to the mask 
material and is patterned to form a resist pattern. Then, 

30 the mask material is etched through an opening of the 
resist pattern, thereby performing patterning for the 
mask material. The Si02 layer 112 is etched through an 
opening of the mask material until the surface of the sin- 
gle-crystal Si substrate 111 is exposed, thereby per- 

35 forming patterning for the Si02 layer 112, At this time, 
the resist may be removed after the patterning of the 
mask material and before the patterning of the Si02 lay- 
er 112, as needed. 

[0094] When the resist and mask material were re- 
40 moved, a first substrate 110 in which the surface of the 
single-crystal Si substrate 111 was partially exposed 
was obtained. 

[0095] By performing the epitaxial growth step, an epi- 
taxial Si layer 113 was formed in a region in which the 

45 surface of the single-crystal Si substrate 111 was ex- 
posed. At the same time, a polysilicon layer 114 was 
formed on an Si02 layer 112a (this corresponds to the 
step shown in Fig. 4D). The thickness of the epitaxial Si 
layer 113 can appropriately be determined in accord- 

50 ance with specifications required by a final semiconduc- 
tor substrate. For example, the thickness can be set to 
5\Lm. 

[0096] A polysilicon layer having a thickness of 3 ^m 
was grown as a bonding layer 115 on the entire surface 
55 of a first substrate 110a (this corresponds to the step 
shown in Fig. 4E). The thickness of the bonding layer 
can be changed in accordance with required planarity 
or the like of the first substrate. As the bonding layer 
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115, an Insulating layer such as an amorphous Si layer, 
an oxide film (e.g.. an Si02 layer formed by CVD or the 
like), a PSG layer, a BPSG layer, or the like in addition 
to a polysilicon layer is preferably used. An insulating 
layer such as an Si02 layer may be formed on the bond- 5 
ing layer 115 (except in cases in which the bonding layer 
comprises an insulting layer). 
[0097] Then, the surface (bonding layer 115) of a first 
substrate 110b was planarized by polishing (this corre- 
sponds to the step shown in Fig. 4F). As the polishing io 
step, CMP may be performed. To remove any portion 
damaged by polishing in the polishing step, a cleaning 
step and/or etching step may further be performed. 
[0098] The projection range was set such that ions 
were implanted at a predetermined position in the sin- 15 
gle-crystal Si substrate 111 , and ions were implanted in- 
to a first substrate llOd through the surface (this corre- 
sponds to the step shown in Fig. 4G). With this opera- 
tion, an ion-implanted layer 116 serving as a separation 
layer was formed as a microcavity layer or a heavily 20 
doped layer. This ion implantation step can be per- 
formed by. e.g., implanting hydrogen ions (H*) at 600 
keV and 5 x 10^® cm-2, and the projection range in this 
case is about 6.3 \Lm. The ion implantation step may 
collectively be performed for a plurality of substrates by 25 
using not a general ion implantation apparatus but a 
plasma apparatus. In this case, H^* ions may be more 
efficient than H*^ ions. 

[0099] The surface of the first substrate 1 1 0d and that 
of a second substrate 120 separately prepared were 30 
overlaid on and brought into contact with each other. Af- 
ter that, both the substrates were subjected to annealing 
at 300*C for 10 hrs to increase the bonding strength be- 
tween a first substrate 110c and the second substrate 
120 (this corresponds to the step shown in Fig. 4H). With 35 
this operation, a bonded substrate stack 130 was ob- 
tained. At this time, by performing a preprocess such as 
N2 or O2 plasma processing for the first and second sub- 
strates before the overlaying, the bonding strength can 
be increased. Note that annealing for increasing the <o 
bonding strength is not essential and may be skipped. 
[0100] If an oxide film is formed on at least one of the 
surface of the first substrate 1 1 0d and that of the second 
substrate 120 or if a bonding layer 117 is used as an 
insulating layer, a region in which the epitaxial Si layer 45 
113 is grown becomes not a non-SOl region but a 
thick-SOl region (see Fig. 6). The thickness of the silicon 
film in the thick-SOl region can appropriately be deter- 
mined in accordance with specifications required by a 
final semiconductor substrate. For example, the thick- so 
ness can be set to 10 jim. 

[0101] If an oxide film as described above is not 
formed, a region without any partial Si02 layer has not 
an SOI structure but substantially the same structure as 
that of a single-crystal SI substrate or an epitaxial Si sub- ss 
strate (when a substrate having an epitaxial Si layer on 
its surface as a single-crystal Si substrate is used) (see 
Fig. 5). 



[0102] The bonded substrate stack 130 was annealed 
at 400*^0 for 10 hrs. thereby splitting the bonded sub- 
strate stack 130 at the Ion-implanted layer 116 (this cor- 
responds to the step shown in Fig. 41). Consequently, 
the polysilicon layer 114, the partial Si02 layer 112a. the 
epitaxial Si layer 113, the single-crystal Si layer 117, and 
a part 116b of the porous Si layer 116, which were orig- 
inally formed on the side of the first substrate 110, were 
moved to the side of the second substrate 120. Only a 
porous Si layer 116a was left on the surface of a first 
substrate 111a. 

[0103] In this splitting step, instead of the annealing, 
a method of injecting a fluid (liquid or gas) or inserting 
a solid wedge into a concave portion (concave portion 
formed by the beveled portions of the two substrates 
llOd and 120) of the periphery of the bonded substrate 
stack 130. a method of applying a mechanical force 
such as a tensile force, shearing force, or the like to the 
bonded substrate stack 130, a method of applying ultra- 
sonic waves to the bonded substrate stack 130, or the 
like may be adopted. 

[0104] Moreover, out of the two substrates constitut- 
ing the bonded substrate stack, a portion from the back 
surface of the first base 1 1 0d to the separation layer 1 1 6 
may be removed by grinding, polishing, etching, or the 
like without splitting the bonded substrate stack. 
[0105] The separation layer 116b which was moved 
to the uppermost surface of the second substrate 120 
was removed by polishing such as CMP or etching, and 
at the same time, the surface was planarized (this cor- 
responds to the step shown in Fig. 4J). Then, a planari- 
zation step such as hydrogen annealing may be per- 
formed. Alternatively, hydrogen annealing may be per- 
formed while the separation layer 116b is partially left. 
[0106] With the above-mentioned steps, a semicon- 
ductor substrate which has the single-crystal Si layer 
117 with a thickness of 0.2 (im on the partial insulating 
layer 112a and single-crystal Si layer 113 in the partial 
insulating layer 112a was obtained. When the film thick- 
ness of the formed single-crystal Si layer 117 was meas- 
ured at 100 points across the surface, the uniformity of 
the film thickness was 201 nm ± 5 nm. 
[0107] The observation of the cross section with a 
transmission electron microscope showed that the sin- 
gle-crystal Si layer 117 had no fresh crystal defects and 
maintained good crystallinity. 

[0108] The surface roughness of a formed substrate 
140 was evaluated with a substrate atomic force micro- 
scope. The mean square roughness in a 50-^m-square 
region was about 0.2 nm, which was equivalent to that 
of a commercially available silicon wafer. 
[0109] In the above-mentioned manufacturing meth- 
od, a substrate containing, e.g.. SIGe. GaAs, SIC, C, or 
the like on its surface may be adopted instead of the 
single-crystal SI substrate 111. In this case, a layer to 
be grown on the surface (region in a partial insulating 
layer) of the substrate may preferably be made of the 
same material as that of its underlying layer. 
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[0110] As the second substrate 120, a substrate 
made of, e.g., quartz, sapphire, ceramic, carbon. SiC, 
or the like may be adopted, in addition to an Si substrate. 

(Example 2) 

[0111] A DRAM having a trench capacitor was formed 
in the non-SOl region of a semiconductor substrate 
which was manufactured by the method described in the 
example 1 and had a structure shown in Fig. 5. Other 
devices including a logic circuit were formed in the SOI 
region. In the lithography step, the entire region of ex- 
posure shots fell within the focus-range of the depth of 
a projection optical system, and no local defocusing (de- 
focusing due to unevenness of the surface of the sub- 
strate) occurred. Since a single-crystal Si layer having 
a sufficient thickness was formed In the non-SOl region, 
no trouble occunred In forming the trench capacitor. 
[0112] The above semiconductor substrate is effec- 
tively used to form an integrated circuit other than a 
DRAM-embedded one. 

[Third Embodiment] 

[0113] This embodiment relates to an improved ex- 
ample of the first and second embodiments and, more 
particularly, to an improved example of a step (Figs. 1D 
and 4D) of growing a single-crystal semiconductor layer 
such as a single-crystal Si layer, or the like in a semi- 
conductor region exposed in a partial insulating layer 
and growing a non-single-crystal semiconductor layer 
(e.g., a polycrystalline semiconductor layer) on the par- 
tial insulating layer. 

[0114] Fig. 7 is a view for explaining reduction in a 
non-SOl region or thick-SOl region to be formed. In 
growing a single-crystal Si layer 13 (113) on a single- 
crystal Si substrate 11 (111) exposed in a partial insu- 
lating layer 12a (112a), a polysilicon layer 14 (114) is 
typically simultaneously grown on the partial insulating 
layer 12a (112a). At this time, if the growth rate of the 
polysilicon layer 14 (114) is higher than that of the single- 
crystal Si layer (113), polysilicon intrudes into a region 
(I.e., a non-SOl or thick-SOl region to be formed) A1 
without the partial insulating layer 12a (112a). This re- 
duces the size of the non-SOl or thick-SOl region to be 
formed. Fig. 7 schematically shows a state in which the 
region A1 has reduced to a region A2 on the surface of 
the substrate. 

[01 15] A remarkable decrease in size of the non-SOI- 
or thick-SOl region to be formed makes It impossible to 
effectively utilize a non-SOl or thick-SOl region. This 
creates a need for enlarging a boundary region between 
a non-SOl or thIck-SOl region and an SOI region, thus 
resulting in the failure of any Increase in integration de- 
gree of a device. 

[0116] Fig. 8 schematically shows a partial SOI sub- 
strate which can be manufactured in accordance with 
the first embodiment and whose non-SOl region has re- 



duced. In an example shown in Fig. 8, the non-SOl re- 
gion has reduced by a region D. Although there are 
available application examples in which the presence of 
the region D does not affect the integration degree of a 
5 device, generally, the presence of the region D is not 
preferable. 

[01 17] Under the circumstances, in this embodiment, 
a method of solving a problem that a non-SOl or 
thick-SOl region may reduce will be explained. For the 
10 sake of descriptive simplicity, only steps (semiconductor 
layer growth steps) corresponding to Fig. 1D (first em- 
bodiment) and Fig. 4D (second embodiment) will be de- 
scribed. 

[0118] Fig. 9A is a view showing the first step (first 

15 growth step) of the semiconductor layer growth process, 
and Fig. 9B is a view showing the second step (second 
growth step) of the semiconductor layer growth process. 
If the semiconductor layer growth process according to 
this embodiment is applied to the first embodiment, the 

20 steps are performed in the order of Figs. 1 A, 1 B, 1 C, 9A, 
98, IE. 1F. 1G, 1H, and II. On the other hand, if the 
semiconductor layer growth process of this embodiment 
is applied to the second embodiment, the steps are per- 
formed in the order of Figs, 4A, 48. 40, 9A, 98. 4E, 4F, 

25 4G, 4H, 41, and 4J. 

[0119] In the first step of the semiconductor growth 
process, a single-crystal Si layer 13a (113a) is epitaxl- 
ally grown on the surface of the single-crystal Si sub- 
strate (semiconductor region) 11 (111) exposed in the 

30 partial insulating layer 12a (112a) under the condition 
that a non-single-crystal semiconductor layer such as a 
polycrystalline semiconductor layer do not grow on the 
partial insulating layer 12a (112a), as exemplified in Fig. 
9A. More specifically, in the first step, the single-crystal 

35 Si layer 13a (113a) is selectively grown in the partial in- 
sulating layer 12a (112a). 

[01 20] The film thickness of the single-crystal Si layer 
13a (113a) is determined such that polysilicon fits In a 
region lAon the partial insulating layer 12a (112a) in fur- 
40 ther growing a single-crystal Si layer on the single-crys- 
tal Si layer 13a (113a) and growing a polysilicon layer 
on the partial insulating layer 12a (112a) in the next step 
(Fig. 98). More specifically, for example, the film thick- 
ness of the single-crystal Si layer 13a (113a) is prefor- 
ms ably larger than that of the partial insulating layer 12a 
(112a). 

[0121] In the second step of the semiconductor 
growth process, the polysilicon layer 14 (114) and sin- 
gle-crystal Si layer 13 (113) are grown under the condi- 

50 tion that a non-single-crystal semiconductor layer such 
as a polycrystalline semiconductor layer grow on the 
partial insulating layer 12a (112a) and a single-crystal 
Si layer grow on the single-crystal Si layer 13a (113a) 
as the underlying layer, as exemplified in Fig. 98. At this 

55 time, the single-crystal Si layer 13 (113) grows not on 
the surface of the single-crystal Si substrate 11 (111) but 
on that of the single-crystal Si layer 13a (113a) as the 
underlying layer. For this reason, no reduction problem 
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2. The method according to claim 1, further compris- 
ing a step of planarizing the surface of the first sub- 
strate before bonding the second substrate to the 
first substrate. 

5 

3. The method according to claim 1, wherein in the 
step of forming the first substrate, a single-crystal 
semiconductor layer is formed on the region sur- 
rounded by the partial insulating layer, and a non- 

10 single-crystal semiconductor layer is formed on the 
partial insulating layer. 

4. The method according to claim 1 , wherein the sem- 
iconductor region comprises a semiconductor layer 

15 formed on the substrate by epitaxial growth. 

5. The method according to claim 1 , wherein at least 
a surface, to be bonded to the first substrate, of the 
second substrate comprises an insulator. 

20 

6. The method according to claim 1 , further compris- 
ing a step of forming a bonding layer to be bonded 
to the second substrate across the surface of the 
first substrate. 

25 

7. The method according to claim 6, further compris- 
ing a step of planarizing a surface of the bonding 
layer after the step of forming the bonding layer and 
before the step of forming the bonded substrate 

30 stack. 

8. The method according to claim 6. further compris- 
ing a step of planarizing the surface of the first sub- 
strate after the step of forming the first substrate and 

35 before the step of forming the bonding layer. 

9. The method according to claim 6, wherein in the 
step of forming the bonding layer, a layer having a 
substantially uniform structure across a surface of 

40 the layer is formed as the bonding layer. 



as described with reference to Figs. 7 and 8 occurs, and 
a non-SOl or thick-SOl region which can effectively be 
used is ensured. 

[0122] Intrusion of the single-crystal Si layer 13 (113) 
into the partial insulating layer 12a (112a) causes no 
particular problems. This is because a portion on the 
partial insulating layer in the first substrate is to be ar- 
ranged under a partial buried insulating film in a final 
partial SOI substrate (or an SOI substrate with a 
thick-SOl region), and the intrusion does not affect the 
SOI region above the partial insulating layer. 
[0123] The present invention can ensure the advan- 
tages of an SOI substrate for a substrate having a partial 
insulating layer under a semiconductor layer. 
[0124] Alternatively, the present invention has as its 
object to, e.g., improve the quality of a substrate man- 
ufactured through a step of bonding two substrates. 
[0125] As many apparently widely different embodi- 
ments of the present invention can be made without de- 
parting from the spirit and scope thereof, it is to be un- 
derstood that the invention is not limited to the specific 
embodiments thereof except as defined in the append- 
ed claims. 

[0126] There is provided a method of manufacturing 
a substrate which has a partial insulating layer under a 
semiconductor layer. After the first substrate (10c) is 
formed, it is bonded to the second substrate (20), there- 
by forming a bonded substrate stack (30). Then, the 
bonded substrate stack (30) is split at a separation layer 
(15). In the step of forming the first substrate (10c), a 
partial insulating layer (12a) is formed on the substrate, 
a single-crystal Si layer (13) is grown in the partial insu- 
lating layer (12a), and a polysilicon layer (14) Is grown 
on the partial insulating layer (12a). After that, ions are 
implanted into the substrate, thereby forming the sepa- 
ration layer (15) inside the substrate. 



Claims 

1 . A substrate manufacturing method comprising: 

a step of forming a first substrate which has a 
partial Insulating layer on a semiconductor re- 
gion and a semiconductor layer on a region sur- 
rounded by the partial insulating layer and on 
the partial insulating layer; 
a step of implanting ions into the first substrate 
through a surface of the first substrate to form 
a separation layer at a position deeper than a 
position of the partial insulating layer; 
a step of bonding a second substrate to the sur- 
face of the first substrate, In which the separa- 
tion layer is formed, to form a bonded substrate 
stack; and 

a step of splitting the bonded substrate stack at 
the separation layer. 



10. The method according to claim 6, wherein in the 
step of forming the bonding layer, a polycrystalline 
semiconductor layer is fomned as the bonding layer. 

45 

11. The method according to claim 6, wherein in the 
step of forming the bonding layer, an amorphous 
semiconductor layer is formed as the bonding layer. 

50 12. The method according to claim 6, wherein in the 
step of forming the bonding layer, an insulating layer 
is formed as the bonding layer. 

13. The method according to claim 12, wherein the in- 
55 sulating layer comprises an oxide film. 

14. The method according to claim 13, wherein in the 
step of forming the bonding layer, the oxide film is 
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formed by CVD. 

15. The method according to claim 1, wherein 

the step of forming the first substrate includes 
a first growth step of growing a single-crystal 5 
semiconductor layer on the region surrounded by 
the partial insulating layer under the condition that 
no layer grow on the partial insulating layer, and 

a second growth step of further growing a sin- 
gle-crystal semiconductor layer on the single-crys- io 
tal semiconductor layer and growing a non-single- 
crystal semiconductor layer on the partial insulating 
layer. 

16. The method according to claim 15, wherein in the is 
first growth step, the single-crystal semiconductor 
layer is grown to have a thickness larger than a 
thickness of the partial insulating layer. 

17. The method according to claim 15, wherein in the 20 
first growth step, the single-crystal semiconductor 
layer is grown such that the non-single-crystal sem- 
iconductor layer to be fomied in the subsequent 
second growth step fits in a region on the partial in- 
sulating layer. 25 

18. The method according to claim 1, wherein the ions 
include hydrogen ions or helium ions. 

19. A substrate which can be manufactured by a man- 30 
ufacturing method as defined In claim 1. 
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FIG. 1A 
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FIG. 1C 
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FIG. 1D 
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FIG. IF 
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FIG. 1H 
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FIG. 3 
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FIG. 4A 
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FIG. 4C 
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FIG. 4E 
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FIG. 4G 
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FIG. 41 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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